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(54) Variable displacement compressor 

(57) In a varial^le displacement compressor that 
draws, compresses, and discharges refrigerant gas, the 
displacement is adjusted by varying the inclination of a 
cam plate in accordance with the difference between 
the pressure in a crank chamber and the pressure in 
cylinder bores. A pressurizing passage connects the 
crank chamber to a discharge passage. A bleed pas- 
sage connects the crank chamber to a suction chamber. 
A displacement control valve is externally controlled and 



varies the pressure in the crank chamber by adjusting 
the opening size of either the pressurizing passage or 
the bleed passage. A suction control valve closes a duct 
between the suction chamber and an evaporator when 
the pressure in the crank chamber exceeds a predeter- 
mined level to prevent an excessively high pressure in 
the crank chamber. 
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Description 

[0001] The present invention relates to a variable 
displacement compressor for air-conditioning vehicles 
that compresses refrigerant gas and varies the dis- 
placement. 

[0002] Rg. 8 shows an exanrple of the variable dis- 
placement compressor (later simply called compres- 
sor). A aank chamber 102 is formed in a housing 101. 
in which a drive shaft 103 is supported. A lip seal 104 is 
located between the housing 101 and the drive shaft 
103. 

[0003] The drive shaft 103 is connected to a vehicle 
engine Eg through an electromagnetic clutch 105. The 
clutch 105 includes a rotor 106 coupled to the engine 
Eg, an armature 1 07 fixed to the drive shaft 103. and an 
electromagnetic coil 108. The coil 108. when excited, 
causes the armature 107 to be attracted to the rotor 
106, which engages the armature 107 with the rotor 
106. This transmits power from the engine Eg to the 
drive shaft 103. At this time, the clutch 105 is engaged. 
When the coil 108 is de-excited, the armature 107 is 
separated from the rotor 106, which disconnects power 
transmission from the engine Eg to the drive shaft 103. 
At this time, the dutch 105 is disengaged. 
[0004] A lug plate 1 09 is f ixed to the drive shaft 1 03 
in the crank chamber 102. A swash plate 1 1 0 is coupled 
to the lug plate 109 through a hinge mechanism 111 
and integrally rotates with the drive shaft 103. The incli- 
nation angle of the swash plate 110 relative to the axis 
L of the drive shaft 103 is varied. A snap ring 112 is 
secured to the drive shaft 1 03 to abut against the swash 
plate 110 and to limit its minimum inclination angle. 
[0005] The housing 101 includes cylinder bores 
1 13, a suction chamber 114. and a discharge chamber 
115. A piston 116 is accommodated in each cylinder 
bore 1 1 3 to reciprocate. Each piston is coupled to the 
swash plate 110. A valve plate 117 is located in the 
housing 101. The valve plate 117 separates the adja- 
cent cylinder bores 113 from the suction chamber 1 14 
and from the discharge chamber 115. 
[0006] Rotation of the drive shaft 103 is converted 
into reciprocation of each piston 116 through the lug 
plate 109, the hinge mechanism 111, and the swash 
plate 110, This draws refrigerant gas from the suction 
chamber 114 to the cylinder bores 113 through suction 
ports 1 1 7a and suction valves 1 1 7b of the valve plate 
117. Refrigerant gas is compressed in each cylinder 
bore 113 and discharged to the discharge chamber 115 
through discharge ports 117c and discharge valves 
1 1 7d of the valve plate 1 1 7. 

[0007] A spring 1 18 is located between the housing 
101 and the drive shaft 103. The spring 118 urges the 
drive shaft 103 toward the front (left in Fig. 1) of the 
compressor along the axis L and absorbs dimensional 
tolerance of parts, which prevents chattering. 
[0008] A bleed passage 119 connects the crank 
chamber 102 to the suction chamber 114. A pressuriz- 



ing passage 120 connects the discharge chamber 115 
to the crank chamber 102. A control valve 121 includes 
a solenoid and varies the opening size of the pressuriz- 
ing passage 120. The control valve 121 operates 

5 depending on the passenger compartment tempera- 
ture, a target temperature, disengagement of the clutch 
105, the state of the engine Eg, and the like. 
[0009] The control valve 121 varies the size of a 
valve opening to control the flow rate of gas in the pres- 
to surizing passage 120, which supplies high-pressure 
refrigerant gas to the crank chamber 102. The pressure 
in the crank chamber is varied by the relationship 
between the supply of refrigerant gas to the crank 
chamber 1 02 ard the release of refrigerant gas from the 

75 crank chamber 102. This varies the difference between 
the pressure in the crank chamber 102 and the pressure 
in the cylinder bores 113, which varies the inclination of 
the swash plate 110. As a result, the stroke of the pis- 
tons 1 16 is varied, which adjusts the displacement. 

20 [0010] When the clutch 105 is disengaged or when 
the engine Eg stops, the control valve 121 maximizes 
the size of the valve opening. This increases the pres- 
sure in the crank chamber 102 and the difference of the 
pressure in the crank chamber 1 02 and the pressures in 

25 the cylinder bores 1 13. which reduces the inclination of 
the swash plate 110. As a result, inclination of the 
swash plate 110 is minimized when the compressor is 
stopped. Therefore, the compressor is restarted with a 
minimum torque load, and less shock is produced. 

30 [001 1 ] However, in this prior art compressor, when 
the temperature in the passenger compartment is much 
higher than the target temperature, that is, when the 
cooling requirement is great, the control valve 121 
closes the pressurizing passage 1 20 and maximizes the 

35 compressor displacement. 

[0012] Suppose that the compressor operated is 
stopped by the disengagement of the clutch 105 or the 
shutting off of the engine Eg when operating at maxi- 
mum development Also, suppose that a controller min- 

40 imizes the compressor displacement despite the 
cooling requirement to reduce the torque load on the 
engine Eg when the vehicle is suddenly accelerated. 
[0013] In this case, the closed pressurizing pas- 
sage 1 20 is suddenly opened to minimize the displace- 

45 ment. Accordingly, high-pressure refrigerant gas in the 
discharge chamber 1 15 is quickly supplied to the crank 
chamber 102, and the bleed passage 119 does not 
release the extra gas sufficiently, which increases the 
pressure in the crank chamber 102 excessively As a 

so result, the difference between the pressure in the cylin- 
der bores 113 and the pressure in the crank chamber 
102 is excessive. 

[0014] Therefore, the swash plate 110 (shown by 
the broken line in Fig. 8) is forcefully abutted against the 
55 snap ring 112. which strongly draws the lug plate 109 
rearward through the hinge mechanism 111. As a 
result, a strong rearward force is applied to the drive 
shaft 103. which moves the drive shaft 103 against the 
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force of the spring 1 18. 

[0015] When the drive shaft 103 moves reanAard, 
the contact area between the lip seal 104 and the drive 
shaft 103 may shift. There may be foreign particles like 
sludge on the surface of the drive shaft 103 at the new 
contact area. Therefore, the sludge may enter between 
the lip seal 104 and the drive shaft 103. which degrades 
the performance of the lip seal 104 and causes gas 
leakage. 

[0016] When the compressor is disengaged from 
the engine Eg and the drive shaft 103 moves reanvard. 
the armature 107, which is fixed to the drive shaft 103, 
moves toward the rotor 1 06. The clearance between the 
rotor 106 and the armature 107 when the clutch 105 is 
disengaged is very small (0.5mm. for example). The 
rearward movement of the drive shaft 103 eliminates 
the clearance between the rotor 106 and the armature 
107, which causes the armature 107 to contact the 
rotating rotor 1 06. This causes noise and vibration and 
transmits power to the compressor. 
[0017] The rearward movement of the drive shaft 
103 during the acceleration of the vehicle moves the 
pistons 116 and the swash plate 110 rearward, which 
moves the top dead centers of the pistons 116 rear- 
ward. Accordingly, the pistons 116 collide against the 
valve plate 117 when the pistons 116 reach their top 
dead center positions. This causes noise, vibration, and 
damage to the pistons 1 16 and the valve plate 117. 
[0018] To prevent the reanward movement of the 
drive shaft 103, it is possible to increase the force of the 
spring 118. However, this decreases the life of a thrust 
bearing 122. which receives the increased force, and 
increases power losses. 

[0019] An objective of the present invention is to 
provide a variable displacement compressor that pre* 
vents sudden increase of the difference between the 
pressure in the crank chamber and the pressure in the 
cylinder bores. 

[0020] To achieve the above objective, the present 
invention provides a variable displacement compressor 
that draws, compresses, and discharges refrigerant 
gas. The compressor is structured as follows. A housing 
includes a crank chamber, a cylinder bore, a suction 
chamber, and a discharge chamber. A drive shaft is 
supported in the housing to pass through the crank 
chamber. A cam plate is coupled to the drive shaft in the 
crank chamber. The cam plate changes its inclination 
and integrally rotates with the drive shaft, A piston is 
coupled to the cam plate and reciprocates in the cylin- 
der bore. The stroke of the piston is varied by varying 
the inclination of the cam plate in accordance with the 
difference between the pressure in the crank chamber 
and the pressure in the cylinder bore to adjust the dis- 
placement of the compressor. A pressurizing passage 
connects the crank chamber to the discharge chamber. 
A bleed passage connects the crank chamber to the 
suction chamber. A displacement control valve is exter- 
nally controlled and varies the pressure in the crank 



chamber by adjusting the size of an opening in at least 
one of the pressurizing passage and the bleed passage. 
An external refrigerant circuit includes an evaporator 
and is connected to the suction chamber. A refrigerant 

5 duct connects the suction chamber to the evaporator. A 
suction control valve is located in the refrigerant duct 
and Is externally controlled to open and close the refrig- 
erant duct The suction control valve closes the duct 
when the pressure in the crank chamber is above a pre- 

10 determined level. 

[0021] Other aspects and advantages of the 
present invention will become apparent from the follow- 
ing description, taken in conjunction with the accompa- 
nying drawings, illustrating by way of example the 

15 principles of the invention. 

[0022] The features of the present invention that are 
believed to be novel are set forth with particularity in the 
appended claims. The invention, together with objects 
and advantages thereof, may best be understood by ref- 

20 erence to the following description of the presently pre- 
ferred embodiments together with the accompanying 
drawings in which: 

Rg. 1 is a longitudinal cross-sectional view of a var- 
25 iable displacement compressor; 

Rg. 2 is a cross-sectional view taken on the line 2- 

2of Rg. 1; 

30 Rg. 3 is a longitudinal cross-sectional view of a 
control valve; 

Rg. 4 is a partial cross-sectional view showing dis- 
engagement of the clutch; 

35 

Rg. 5 is a partial cross-sectional view like Rg. 2 
showing a limit valve that regulates the suction pas- 
sage; 

40 Rg. 6 is a time chart showing the operation of the 
limit valve; 

Rg. 7 is a time chart showing another example; and 

45 Rg. 8 is a longitudinal cross-sectional view of a 
prior art variable displacement compressor. 

[0023] A variable displacement compressor for air- 
conditioning vehicles according to one embodiment of 

so the present invention will now be described. 

[0024] As shown in Fig. 1. a front housing member 
11 is coupled to the front of a cylinder block 12, which 
serves as a center housing member. A rear housing 
member 13 is coupled the rear of the cylinder block 12 

55 through a valve plate 14. The front housing member 1 1 , 
the cylinder block 12, and the rear housing member 13 
form the compressor housing. The left end of the com- 
pressor in Fig. 1 is the front of the compressor, and the 
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right end is the rear. 

[0025] The valve plate 14 includes first to fourth 
plates. 14a. 14b. 14c, and 14d. The second plate 14b. 
which includes suction valves, is attached to the front 
surface o1 the first plate 14a. which includes ports. The 
third plate 14c. which includes discharge valves, is 
attached to the rear surface of the first plate 14a. The 
fourth plate I4d is attached to the rear surface of the 
third piate 14c. 

[0026] A crank chamber 15 is defined by the front 
housing member 11 and the cylinder block 12. A drive 
shaft 16 passes through the crank chamber 15 and is 
supported t)etween the front housing member 1 1 and 
the cylinder block 12. 

[0027] The front end of the drive shaft 16 is sup- 
ported by the front housing member 1 1 through a radial 
bearing 17. A central tx)re l2a is formed at the center of 
the cylinder bioc*% ^2 The rear end of the drive shaft 16 
is located in the central bore I2a and supported by the 
radial bearing 1 8 A spring seat 2 1 . which is a snap ring, 
is fixed to the surface of the central bore 12a (inner sur- 
face of the cylinder block 12) A thrust bearing 19 and a 
spring 20 are k>cated between the rear end surface of 
the drive shaft 16 and the spring seat 21 in the central 
bore 12a. The spring 20. which is a coil spring in this 
embodiment, urges the drive shaft frontward along the 
axis L The thrust bearing 19 prevents the rotational 
force of the drive shaft 16 from being transmitted to the 
spring 20. 

[0028] The front end of the drive shaft 16 passes 
through and projects from the front wall of the front 
housing member 1 1 . A lip seal 22, which serves as a 
shaft seal of the drive shaft 16, is located between the 
front end of the drive shaft 16 and the front housing 
member 11. The lip seal 22 includes a lip ring 22a, 
which is pressed against the surface of the drive shaft 
16 and seals the drive shaft 16. 
[0029] An electromagnetic clutch 23 is located 
between a vehicle engine Eg, or external drive source, 
and the drive shaft 16. A rotor 24 of the clutch 23 is 
rotatably supported by the outer wall of the front hous- 
ing member 11 through an angular bearing 25. The 
periphery of the rotor 24 receives a belt 26, which is 
connected to the engine Eg. A hub 27 is fixed to the 
front end of the drive shaft 16 and the periphery of the 
hub 27 resiliency supports an armature 28. The arma- 
ture 28 faces the rotor 24 on the opposite end of the 
drive shaft 16 from the spring 20. An electromagnetic 
coil 29 is located in the rotor 24 and supported by the 
outer wall of the front housing member 1 1 . 
[0030] When the coil 29 is excited while the engine 
Eg is running, an electromagnetic attraction force is 
applied between the armature 28 and the rotor 24. 
Accordingly, the armature 28 contacts the rotor 24 
against the elastic force of the hub 27. which engages 
clutch 23. In this state, power from the engine Eg is 
transmitted to the drive shaft 16 through the belt 26 and 
the clutch 23 (See Fig. 1). When the coil 29 is de- 



excited, the elasticity of the hub 27 separates the arma- 
ture 28 from the hub 27, which disengages the clutch 
23. In this state, power transmission from the engine Eg 
to the drive shaft 16 is discontinued (See Fig. 4). 

s [0031 ] A lug plate 30 is f ixed to the drive shaft 1 6 in 
the crank chamber 15. A swash plate 31 . which serves 
as a cam plate, is supported by the drive shaft 16 and 
slides on and inclines relative to the drive shaft 16. A 
hinge mechanism 32 is located between the lug plate 30 

10 and the swash plate 31. The hinge mechanism 32 cou- 
ples the swash plate 31 to the lug plate 30 and enables 
the swash plate 31 to rotate integrally with the drive 
shaft 16 and to vary its inclination relative to the axis L 
of the drive shaft 1 6. 

IS [0032] A limit stop, or a snap ring 34, is located on 
the drive shaft 16 between the swash plate 31 and the 
cylinder block 12. The snap ring 34 is secured on the 
surface of the drive shaft 16. As shown by the broken 
line in Rg. 1 , the minimum inclination of the swash plate 

so 31 is determined by the abutment of the swash plate 31 
against the snap ring 34. As shown in Fig. 1 , the maxi- 
mum inclination of the swash plate 31 is determined by 
the abutment of the swash plate 31 against the lug plate 
30. 

25 [0033] Cylinder bores 33 are formed in the cylinder 
block 12. A single-head piston 35 is accommodated in 
each cylinder bore 33. Each piston 35 is coupled to the 
periphery of the swash plate 31 through shoes 36. Rota- 
tion of the drive shaft 16 is converted into reciprocation 

30 of the pistons 35 in the corresporKling cylinder bore 33 
through the lug plate 30, the hinge mechanism 32, the 
swash plate 31 . and the shoes 36. 
[0034] As shown in Figs. 1 and 2, a suction cham- 
ber 37, which is a suction pressure zone, is formed in a 

35 central region of the rear housing member 13. A dis- 
charge chamber 38. which is a discharge pressure 
zone, is formed in a peripheral region of the rear hous- 
ing member 13. The suction chamber 37 and the dis- 
charge chamber 38 lie on the opposite side of the valve 

40 plate 14 from the cylinder bores 33. Suction ports 39 
and discharge ports 40 are formed in the first plate 14a 
of the valve plate 1 4 to correspond to the cylinder bores 
33. Suction valves 41 are formed on the second plate 
14b to correspond to the suction ports 39. Discharge 

45 valves 42 are formed on the third plate 14c to corre- 
spond to the discharge ports 40. Retainers 43 are 
formed on the fourth plate 14d to correspond to the dis- 
charge valves 42. The retainers 43 determine the maxi- 
mum opening size of the discharge valves 42. 

so [0035] The movement of each piston 35 from the 
top dead center to the bottom dead center draws refrig- 
erant gas to the corresponding cylinder bore 33 through 
the corresponding suction port 39 and suction valve 41. 
The movement of each piston 35 from the bottom dead 

55 center to the top dead center compresses refrigerant 
gas in the corresponding cylinder bore 33 to a predeter- 
mined pressure and discharges the refrigerant gas to 
the discharge chamber 38 through the corresponding 
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discharge port 40 and discharge valve 42. 
[0036] A pressurizing passage 44 connects the dis- 
charge chamber 38 to the crank chamber 15. A bleed 
passage 45 continuously connects the crank chamber 
15 to the suction chamber 37. A displacement control 
valve 46 is located in the pressurizing passage 44. The 
control valve 46 adjusts the size of the valve opening, 
which controls the flow in the pressurizing passage 44 
and adjusts the supply of high-pressure refrigerant gas 
to the crank chamber 15. The bleed passage 45 
releases refrigerant gas from the crank chamber 15 to 
the suction chamber 37. The pressure in the crank 
chamber 15 is varied by the relationship between the 
rate of inflow and the rate of outflow of refrigerant gas in 
the crank chamber 15. Accordingly, the difference 
between the pressure in the crank chamber 15 and the 
pressure in the cylinder bores 33 is varied, which varies 
the inclination of the swash plate 31. This varies the 
stroke of the pistons 35 and the displacement. 
[0037] The control valve 46 will now be desaibed. 
[0038] As shown in Fig. 3. a valve chamber 51 is 
formed in the pressurizing passage 44. A valve body 52 
is accommodated in the valve chamber 51 . A valve hole 
53 is open to the valve chamber 51 and faces the valve 
body 52. An opener spring 54 is accommodated in the 
valve chamber 51 and urges the valve body 52 to open 
the valve hole 53. The valve chamber 51 and the valve 
hole 53 form part of the pressurizing passage 44. 
[0039] A pressure sensitive chamber 55 is adjacent 
to the valve chamber 51. The pressure sensitive cham- 
ber 55 is continuously connected to the suction cham- 
ber 37 through a pressure detection passage 47. A 
bellows 56, which serves as a pressure sensitive mem- 
ber, is accommodated in the pressure sensitive cham- 
ber 55. A setting spring 57 is located in the bellows 56. 
The setting spring 57 determines the initial length of the 
bellows 56. A pressure sensitive rod 58 is integrally 
formed with the valve body 52 and couples the bellows 
56 to the valve body 52. 

[0040] A plunger chamber 59 is formed in the oppo- 
site end of the control valve 46 to the pressure sensitive 
chamber 55. A fixed metal core 60 is fitted in the upper 
part of the plunger chamber 59 and Is adjacent to the 
valve chamber 51 . A movable metal core 61 is accom- 
modated in the plunger chamber 59. A follower spring 
62 is located in the plunger chamber 59 and urges the 
movable core 61 toward the valve body 52. A rod 63 is 
integrally formed with the valve body 52. The forces of 
the opener spring 54 and the follower spring 62 cause 
the distal end of the rod 63 to contact the movable core 
61 . Accordingly, the valve body 52 moves with the mov- 
able core 61 through the rod 63. An electromagnetic coil 
64 surrounds the fixed core 60 and the movable core 
61 . The fixed core 60. the movable core 61 . the coil 64, 
and the rod 63 form a main part of the control valve 46, 
which forms a means for varying a target suction pres- 
sure. 

[0041] As shown in Fig. 1. the suction chamber 37 



is connected to the discharge chamber 38 by an exter- 
nal refrigerant circuit 71. The refrigerant circuit 71 
Includes a condenser 72, an expansion valve 73, and an 
evaporator 74. The external refrigerant circuit 71 and 
5 the compressor form a refrigeration circuit of a vehicle 
air conditioner. 

[0042] A computer C is connected to an air-condi- 
tioner switch 80, which is a main switch of the air condi- 
tioner, a sensor 81 for detecting the temperature in the 

10 passenger compartment, and an accelerator sensor 83. 
The computer C controls the electric power supply from 
a power source S such as a vehicle battery to the coil 29 
of the clutch 23 and the coil 64 of the control valve 46. 
The computer C controls the power supply from the 

15 power source S to each coil 29, 64, based on external 
signals including ON/Off state of the switch 80, the tem- 
perature of the passenger compartment from the sen- 
sor 81, a target temperature set by a temperature 
adjuster 82. and the position of the accelerator from the 

20 accelerator sensor 83. 

[0043] Generally, when the engine Eg is not operat- 
ing, that is. when the Ignition key (not shown) is placed 
at the accessory-off position, the power supply to the 
electric devices, which include the air conditioner, is 

25 stopped. Accordingly, the power supply lines from the 
power source S to the coils 29, 64 are disconnected 
upstream of the computer C, and the power supply from 
the power source S to each coil 29, 64 is stopped. 
[0044] Operation of the control valve 46 will now be 

30 described. 

[0045] When the temperature detected by the sen- 
sor 81 is higher than the target temperature set by the 
temperature adjuster 82 while the engine Eg is running 
and the air-conditioner switch 80 is turned on. the com- 

35 puter C causes electric current to flow from the power 
source S to the coil 29. This engages the clutch 23 and 
starts the compressor. 

[0046] In this state, the bellows 56 of the control 
valve 46 varies in accordance with the suction pressure 

40 in the pressure sensitive chamber 55. The movement of 
the bellows applies a force to the valve body 52 through 
the pressure sensitive rod 58 in a direction that either 
opens or closes the valve hole 53. The computer C 
determines the level of the electric current supplied to 

45 the coil 64 of the control valve 46 based on the temper- 
ature in the passenger compartment from the sensor 81 
and the target temperature set by the temperature 
adjuster 82. After determining the level of the current, 
the computer C instructs that the appropriate current be 

so supplied from the power source S to the coil 64. Exciting 
the coil 64 generates an electromagnetic attraction 
force between the fixed core 60 and the movable core 
61 in accordance with the level of the current. The 
attraction force urges the valve body 52 to reduce the 

55 opening size of the valve hole 53. 

[0047] In this way, the opening size of the valve hole 
53 is determined by the total of forces including the 
force applied by the movement of the bellows 56, the 
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attraction force between the fixed core 60 and the mov- 
able core 61 . the force of each spring 54. 62. 
[0048] The computer C increases the l^el of the 
current suppit»d to the coil 64 of the control valve 46 as 
the difference between the temperature in the passen- 
ger compartment and the target temperature increases, 
that is, as the cooling requirement increases. This 
increases the attraction force between the fixed core 60 
and the movable core 61, which reduces the opening 
size of the vatve hole 53. Accordingly, the control valve 
46 lowers the target suction pressure and opens and 
closes the valve hole 53 to maintain the low target suc- 
tion pressure by the movement of the bellows 56 and 
the valve body 52. In other words, the control valve 46 
adjusts the displacement of the compressor to maintain 
the low suction pressure by increasing the supply of cur- 
rent to the coil 64. 

[0049] As the opening size of the valve hole 53 (or 
pressurizing passage) decreases, the flow rate of refrig- 
erant gas from the discharge chamber 38 to the crank 
chamber 15 decreases. If the supply of refrigerant gas 
to the crank chamber 1 5 is reduced, the pressure in the 
crank chamber 15 is gradually reduced as refrigerant 
gas in the crank chamber 15 flows to the suction cham- 
ber 37 through the bleed passage 45. Accordingly, the 
difference between the pressure In the crank chamber 
15 and the pressure in the cylinder bore 33 deaeases. 
which increases the inclination of the swash plate 31 . 
This increases the stroke of the pistons 35 and the com- 
pressor displacement. 

[0050] As the difference between the temperature 
in the passenger compartment and the target tempera- 
ture decreases, that is. as the cooling requirement 
decreases, the computer C reduces the level of the cur- 
rent supplied to the coil 64 of the control valve 46. This 
reduces the attraction between the fixed core iSO and the 
movable core 61 , which reduces the force applied to the 
valve body 52 and increases the opening size of the 
valve hole 53. Accordingly, the control valve 46 
increases the target suction pressure and maintains the 
high target suction pressure with the bellows 56, which 
operates the valve body 52 to open and close the valve 
hole 53. In other words, the control valve 46 adjusts the 
compressor displacement to maintain the high suction 
pressure by reducing the level of the current supplied to 
the coil 64. 

[0051] As the opening size of the valve hole 53 (or 
pressurizing passage 44) increases, the flow rate of 
refrigerant gas from the discharge chamber 38 to the 
crank chamber 15 increases. When the flow rate of 
refrigerant gas to the crank chamber 15 increases, the 
bleed passage 45 cannot release the increase gas at 
the same high flow rate. Consequently, the pressure in 
the crank chamber 15 increases. Accordingly, the differ- 
ence between the pressure in the crank chamber 15 
and the pressure in the cylinder bores 33 Increases. 
This reduces the inclination of the swash plate 31 and 
the stroke of the pistons 35, which reduces the com- 



pressor displacement. 

[0052] The structure and operation of the present 

invention will now be described. 

[0053] As shown in Figs. 1. 2, and 5, the suction 

5 chamber 37 is connected to a duct 71a, which is con- 
nected to the evaporator 74 of the external refrigerant 
circuit 71. A suction passage 90 in the rear housing 
member 13 connects the duct 71a to the suction cham- 
ber 37. The duct 71a and the suction passage 90 form 

10 a refrigerant flow passage. 

[0054] A suction control valve 91 . which includes an 
electromagnetic valve, opens and closes the suction 
passage 90 in the rear housing member 13. The suction 
control valve 91 includes a solenoid 91a and a valve 

75 t>ody 91b. The computer C controls the solenoid 91a. 
When the solenoid 91a is excited, the valve body 91b 
opens the suction passage 90. When the solenoid 91a 
is de-excited, the valve body closes the suction passage 
90. 

20 [0055] When the air-conditioner switch 80 is turned 
off during the operation of the compressor, the compu* 
ter C stops the supply of current to the coil 29 and dis- 
engages the clutch 23, which stops the compressor. 
Simultaneously, the computer C stops the supply of cur- 

25 rent to the coil 64 of the displacement control valve 46 
and to the solenoid 91a of the suction control valve 91 . 
[0056] As shown in the time chart of Fig. 6, when a 
driver suddenly accelerates the vehicle, and the accel- 
erator sensor 83 detects that the accelerator is open 

30 more than a predetermined level, the computer C stops 
the supply of current to the solenoid 91a for a first pre- 
determined period and stops the supply of current to the 
coil 64 for a second predetermined period. This will be 
referred to as acceleration control later. 

35 [0057] After the lapse of the first period (two sec- 
onds, for example), the supply of current to the solenoid 
91a is restarted, which opens the suction passage 90. 
After the lapse of the second period (three seconds, for 
example), that is. after starting the supply of current to 

40 the solenoid 91a, the supply of current to the coil 64 of 
the control valve 46 is restarted in accordance with the 
cooling requirement. 

[0058] When the engine Eg is stopped during the 
operation of the compressor, the supply of current from 

45 the power source S to the coils 29, 64 and the solenoid 
91a is disconnected upstream of the computer C. 
[0059] When the clutch 23 is disengaged or when 
the supply of current to the coil 64 is stopped, the attrac- 
tion between the fixed core 60 and the movable core 61 

so disappears, which maximizes the target suction pres- 
sure of the displacement control valve 46. Accordingly, 
the control valve 46 fully opens the pressurizing pas- 
sage 44. and the compressor stops at the minimum 
inclination of the swash plate 31. As a result, the com- 

55 pressor is restarted at the minimum displacement, 
which minimizes torque load and torque shock. 
[0060] When the supply of current to the coil 64 is 
stopped due to the acceleration control, the target suc- 
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tion pressure of the control valve 46 is maximized, 
which is the same as when the compressor is stopped. 
Accordingly, the control valve fully opens the pressuriz- 
ing passage 44 and minimizes the inclination of the 
swash plate 31. This reduces the compressor displace- $ 
ment and the torque load, which reduces the load on the 
engine Eg and permits maximum acceleration. 
[0061] When the compressor is stopped or the 
acceleration control is performed when the compressor 
operating at the maximum displacement, the control io 
valve 46 quickly maximizes the opening size of the com- 
pletely closed pressurizing passage 44. Accordingly, 
high-pressure refrigerant gas in the discharge chamber 
38 suddenly flows to the crank chamber 15, and the 
bleed passage 45 cannot release the increase of refrig- is 
erant gas at the same rate, which suddenly increases 
the pressure in the crank chamber 1 5. 
[0062] However, when the compressor is stopped 
or when the acceleration control is performed, the com- 
puter C stops the supply of current to the solenoid 91a 20 
of the suction control valve 91 , which causes the valve 
body 91b to close the suction passage 90. Accordingly, 
the suction chamber 37 is disconnected from the evap- 
orator 74, which increases the pressure in the suction 
chamber 37 due to the supply of refrigerant gas from the 25 
crank chamber 15 through the bleed passage 45, which 
is always open. As a result, the pressure in the cylinder 
bores 33 is increased because of leakage of high-pres- 
sure refrigerant gas from the suction chamber 37 
through the sealing parts of the suction valves 41 . 30 
[0063] . Further, the increase of pressure in the suc- 
tion chamber 37 increases the pressure in the pressure 
sensitive chamber 55, which is always connected to the 
suction chamber 37 through the pressure detection pas- 
sage 47. This makes the pressure in the pressure sen- as 
srtive chamber 55 higher than the target suction 
pressure. Accordingly, the displacement control valve 
46 reduces the opening size of the fully opened valve 
hole 53 and the supply of high-pressure refrigerant gas 
from the discharge chamber 38 to the crank chamber 40 
15. This prevents sudden and extreme increase of pres- 
sure In the crank chamber 1 5. 

[0064] As described above, an excessive increase 
of the difference between the pressure in the crank 
chamber 1 5 and the pressure in the cylinder bores 33 is 4S 
prevented, which prevents the swash plate 31 from 
being strongly pressed against the snap ring 34 and 
from drawing the lug plate 30 through the hinge mecha- 
nism 32. Therefore, the rearward movement of the drive 
shaft 16 against the force of the spring 20 is prevented, so 
[0065] The illustrated embodiment has the following 
advarrtages. 

(1) When the pressure in the aank chamber is dra* 
matically increased, such as when the clutch 23 is ss 
disengaged, when acceleration control is per- 
formed, and when the engine Eg is stopped, the 
suction control valve 91 closes the suction passage 
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90. This increases the pressure in the cylinder 
bores 33 and prevents an extreme increase in the 
difference between the pressure in the crank cham- 
ber 15 and the pressure in the cylinder bores 33. 
Therefore, the reanward movement of the drive 
shaft 16 against the force of the spring 20 is limited, 
which achieves the following advantages. 

(1-1) The movement of the drive shaft 16 rela- 
tive to the lip seal 22 is prevented. This pre- 
vents the lip ring 22a of the lip seal 22 from 
shifting to a different contact area. This pre- 
vents foreign particles such as sludge from 
entering between the lip ring 22a and the drive 
shaft 16. Therefore, the life of the lip seal 22 is 
increased, which prevents gas leakage and 
extends the life of the compressor. 

(1-2) In the clutch 23, the armature 28 moves 
with respect to the rotor 24 along the axis L. 
which causes the armature 28 to contact or 
separate from the rotor 24. If the drive shaft 16 
moves rearward when the clutch 23 is disen- 
gaged, the predetermined clearance between 
the rotor 24 and the armature 28 (See Fig. 4) 
may not be maintained regardless of the attrac- 
tion force between the rotor 24 and the arma- 
ture 28. However, the rearward movement of 
the drive shaft 1 6 is prevented, which maintains 
the appropriate clearance between the rotor 24 
and the armature 28 and prevents the armature 
from contacting the rotor 24 when the clutch 23 
is disengaged. This ensures disengagement 
between the rotor 24 and the armature 28 and 
prevents noise, vibration, and heat. 

(1-3) The pistons 35 are connected to the drive 
shaft 16 through the lug plate 30, the hinge 
mechanism 32, the swash plate 31, and the 
shoes 36. Accordingly, since the rearward 
movement of the drive shaft 16 Is prevented, 
the rearward movement of the pistons 35 with 
the drive shaft 16 is prevented. Accordingly, 
when each piston 35 is at its top dead center 
position, the head does not collide with the 
valve plate 14, which suppresses noise, vibra- 
tion, and damage to the members 35, 14. This 
extends the life of the compressor. 

(2) The pressure sensitive chamber 55 of the dis- 
placement control valve 46 is connected to the suc- 
tion chamber 37 through the pressure detection 
passage 47. That is, the bellows 56 operates in 
accordance with the pressure in the suction pres- 
sure zone and is nearer to the suction chamber 37 
than the valve body 91 b of the suction control valve 

91. Accordingly, when the pressure in the suction 
chamber 37 increases while the suction control 
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valve 91 is closed, the displacement control valve 
46 reduces the opening size of the valve hole 53 in 
accordance with the inaease of the pressure in the 
suction chamber 37. This prevents a sudden 
increase of the pressure in the crank chamber 15. 
Therefore, a sudden increase in the difference 
between the pressure in the crank chamber 15 and 
the pressure in the cylinder bores 33 is more effec- 
tively prevented. 

(3) The displacement control valve 46 adjusts the 
flow rate of high-pressure refrigerant gas to the 
crank chamber 15 by opening and closing the pres- 
surizing passage 44. which adjusts the compressor 
displacement. The control valve 46 of this compres- 
sor can increase the pressure in the crank chanlber 
1 5 more quicWy than a control valve that adjusts the 
displacement by opening and closing the bleed 
passage 45. Accordingly, the displacement is 
quickly minimized when the compressor is stopped, 
and the compressor is restarted at the minimum 
displacement immediately after the previous stop. 
In other words, the suction control valve 91 is more 
effective in a compressor that tends to cause an 
extreme increase of the pressure in the crank 
chamber 15. compared to a compressor in which 
the displacement control valve 46 adjusts the open- 
ing size of the bleed passage 45. 

(4) When the acceleration control is stopped, the 
supply of current to the coil 64 of the displacement 
control valve 46 is restarted in accordance with the 
cooling requirement soon after the supply of current 
to the solenoid 91 a of the suction control valve 91 is 
restarted. In this way, when the control valve 46 
starts responding to the cooling requirement, the 
refrigeration cycle is quickly restarted by promptly 
opening the suction control valve 91, which opens 
the refrigeration circuit. This enables the air condi- 
tioner to quickly respond to the cooling require- 
ment. 

(5) For example, the electromagnetic structure of 
the control valve 46 may be changed such that the 
attraction force applied between the fixed core 60 
and the movable core 61 urges the valve body 52 to 
increase the opening size of the valve hole 53. That 
is. as the supply of current to the coil 64 increases, 
the target suction pressure may be increased. In 
this case, to minimize the displacement when the 
engine Eg is not operating, in other words, to maxi- 
mize the target suction pressure, the supply of cur- 
rent line from the power source S to the coil 64 must 
not be disconnected downstream of the conrputer 
C. This requires a significant change to the existing 
current supply systems for vehicles. 

10066] However, the control valve 46 of the present 



embodiment increases the target suction pressure as 
the supply of current to the coil 64 decreases. When the 
target suction pressure is maximized, the computer C 
stops the supply of current to the coil 64. The result is 

5 the same when the supply line from the power source S 
to the coil 64 is disconnected upstream of the computer 
C when the engine Eg is not operating. Therefore, the 
minimization of the displacement when the engine Eg is 
not operating is achieved without significantly changing 

10 the structure of existing vehicle electrical systems for 
vehicles. 

[0067] The present invention can further be embod- 
ied as follows. 

[0068] As shown by the time chart in Fig. 7, the pro- 
75 gram of the computer C may be changed such that the 
supply of current to the solenoid 91a of the suction con- 
trol valve 91 is stopped to close the suction passage 90 
slightly after (one second, for example) after the supply 
of current to the coil 64 of the displacement control valve 
20 46 is stopped when the clutch 23 is disengaged or when 
the acceleration control is performed. In this case, the 
extreme increase of the difference between the pres- 
sure in the crank chamber 15 and the pressure in the 
cylinder bores 33 is prevented, and the displacement is 
25 minimized by increasing the pressure difference up to a 
predetermined difference. 

[0069] When acceleration control is performed, the 
supply of current to the solenoid 91a and the supply of 
current to the coil 64 may be restarted based on an 

30 acceleration stop signal from the accelerator sensor 83 
(when the opening of the accelerator is below a prede- 
termined level) instead of restarting them after the 
lapses of the predetermined periods from the start of 
the acceleration control. 

35 [0070] The supply of current to the solenoid 91a 
and the supply of current to the control valve 46 may be 
simultaneously restarted (See Fig, 7). 
[0071] The suction control valve 91 may close the 
suction passage 90 only when the disengagement of 

40 the clutch 23 or the acceleration control is performed 
with the minimum target suction pressure of the dis- 
placement control valve 46. 

[0072] The criteria for executing acceleration con- 
trol may include that the engine speed exceeds a prede- 

45 termined level in addition to the opening of accelerator 
being above the predetermined level. 
[0073] In addition to acceleration control, there are 
cases in which the control valve 46 minimizes the dis- 
placement regardless of the cooling requirement. For 

so example, when the detected temperature of the evapo- 
rator 74 is below a predetermined level, the evaporator 
74 is likely to be frosted. Therefore, the displacement 
may be minimized when the frosting temperature is 
sensed. 

55 [0074] In the above embodiments, the valve body 
52 is operated to open and close the pressurizing pas- 
sage 44 by the cooperation of the pressure sensitive 
mechanism (56, 58) and the electromagnetic mecha- 
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nism (60, 61, 63. 64). This may be changed such that 
only the electromagnetic mechanism operates the valve 
body 52 to adjust the pressurizing passage 44, as in the 
prior art of Fig. 8. 

[0075] Both the pressurizing passage 44 and the s 
bleed passage 45 may be opened and dosed by the 
control valve 46 to adjust the displacement. In this case, 
it is important not to completely dose the bleed passage 
45. That is. the bleed passage should always be con- 
nected to the suction passage 90. 
[0076] The control valve 46 may open and close 
only the bleed passage 45 to adjust the displacement. 
In this case. also, the bleed passage should always be 
connected to the suction passage 37. 
[0077] The present Invention may be embodied in is 
wobble-type variable displacement compressors. 
[0078] It should be apparent to those skilled in the 
art that the present invention may be embodied in many 
other specific forms without departing from the spirit or 
scope of the Invention. Therefore, the present examples 20 
and embodiments are to be considered as illustrative 
and not restrictive and the invention is not to be limited 
to the details given herein, but may be modified within 
the scope and equivalence of the appended claims. 
[0079] In a variable displacement compressor that 25 
draws, compresses, and discharges refrigerant gas. the 
displacement is adjusted by varying the inclination of a 
cam plate in accordance with the difference between 
the pressure in a crank chamber and the pressure in 
cylinder bores. A pressurizing passage connects the 30 
crank chamt^er to a discharge passage. A bleed pas- 
sage connects the crank chamber to a suction chamber. 
A displacement control valve is externally controlled and 
varies the pressure in the crank chamber by adjusting 
the opening size of either the pressurizing passage or 35 
the bleed passage. A suction control valve doses a duct 
between the suction chamber and an evaporator when 
the pressure in the crank chamber exceeds a predeter- 
mined level to prevent an excessively high pressure in 
the crank chamber. "^o 

Claims 

1. A variable displacement compressor that draws, 
compresses, and discharges refrigerant gas. the 45 
compressor having a housing, which includes a 
crank chamber, a cylinder bore, a suction chamber, 
and a discharge chamber; a drive shaft supported 
in the housing to pass through the crank chamber; 
a cam plate coupled to the drive shaft in the crank so 
chamber, wherein the cam plate changes its incli- 
nation and integrally rotates with the drive shaft; a 
piston coupled to the cam plate and reciprocating in 
the cylinder bore, wherein the stroke of the piston is 
varied by varying the inclination of the cam plate in ss 
accordance with the difference between the pres- 
sure in the crank chamber and the pressure in the 
cylinder bore to adjust the displacement of the com- 
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pressor; a pressurizing passage connecting the 
crank chamber to the discharge chamber; a bleed 
passage connecting the crank chamber to the suc- 
tion chamber; a displacement control valve, which 
Is externally controlled and varies the pressure in 
the crank chamber by adjusting the size of an open- 
ing In at least one of the pressurizing passage and 
the bleed passage; an axternal refrigerant drcuit 
including an evaporator and being connected to the 
suction chamber; and a refrigerant duct connecting 
the suction chamber to the evaporator; the com- 
pressor being characterized by: 

a suction control valve, which is located in the 
refrigerant duct and is externally controlled to 
open and close the refrigerant duct, wherein 
the suction control valve closes the duct when 
the pressure in the crank chamber is above a 
predetermined level. 

2. The variable displacement compressor according 
to claim 1 further including: 

a valve body, which opens and closes at least 
one of the pressurizing passage and the bleied 
passage; 

a pressure sensitive member, which is coupled 
to the valve body and is located between the 
suction control valve and the suction chamber, 
wherein the pressure sensitive member oper- 
ates the valve body in accordance with the 
pressure in the suction chamber; and 
a means for varying a target suction pressure 
by an external control, wherein the operation of 
the pressure sensitive member is based on the 
target suction pressure. 

3. The variable displacement compressor according 
to claim 1 , characterized by that the displacement 
conuol valve adjusts the opening size of the pressu- 
rizing passage. 

4. The variable displacement compressor according 
to claim 1 further including: 

an external drive source, which rotates the 
drive shaft; and 

an electromagnetic clutch, which is located 
between the external drive source and the 
drive shaft, wherein the clutch connects and 
disconnects the compressor and the drive 
source, the clutch including: 

a rotor, which is supported in the housing 
and coupled to the external drive source; 
an armature, which is fixed to the drive 
shaft, wherein the armature faces the 
rotor; and 
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an electromagnetic coil, wherein exciting 
the coil causes the armature to engage the 
rotor, which causes power to be transmit- 
ted between the armature and the rotor. 

5 

5. The variable displacement compressor according 
to claim 1 , characterized by that the displacement 
control valve adjusts the flow rate of gas in at least 
one of the pressurizing passage and the bleed pas* 
sage to minimize the displacement when the rota- io 
tton of. the drive shaft Is stopped, and wherein the 
suction control valve closes the refrigerant duct 
when the rotation of the drive shaft is stopped. 

6. The variable displacement compressor according is 
to claim 1 , characterized by that, at certain times, 
the displacement control valve adjusts the size of 
the opening to minimize the displacement regard- 
less of the cooling requirement during the rotation 

of the drive shaft, and wherein the suction control 20 
valve doses the refrigerant duct at the certain 
times. 

7. The variable displacement compressor according 

to claim 5. characterized by that, after the displace- 2S 
ment control valve operates to minimize the dis- 
placement the suction control valve closes the 
refrigerant duct after a lapse of predetermined 
period. 

30 

8. The variable displacement compressor according 
to claim 6. characterized by that the suction control 
valve opens the refrigerant duct before the dis- 
placement control valve adjusts the size of the 
opening in response to the cooling requirement 35 
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Fig. 3 
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